The use of traditional risk management systems has proven to be insufficient to safeguard the safety of drinking water. Nowadays, it is preferable to apply preventive instead of corrective systems. Two of the most commonly used systems are the Hazard Assessment and Critical Control Points (HACCP) and the Water Safety Plans (WSPs). The major benefit of their implementation is the improvement of drinking water quality. Of course, the successful implementation of HACCP and WSPs in water utilities can be limited by a number of factors such as the lack of financial resources. However, the importance of implementation's difficulties is minimal in relation to the benefits that may result from the application of HACCP and WSPs in water utilities.
Introduction
As water is a valuable and indispensable ingredient of life, drinking water's safety is extremely important both for ensuring the consumers' health and for the proper functioning of the ecosystem [1] . In a survey carried out in early 2006, it was found that the proportion of the world's population consuming drinking water from certified and controlled water sources was 87%, which is significantly higher than the corresponding proportion (77%) which was recorded at the beginning of 1990 [2] . Also, according to the current trends, it is estimated that over 90% of the world's population is supplied with water from controlled sources [3] . However, 2.3 billion people worldwide suffer from diseases related to drinking water [4] . Also, over the past three decades, significant drinking water contamination incidents took place in developing and developed countries, creating several health problems to consumers [5] .
Nowadays, it has been proven that traditional risk management systems, based on addressing and correcting the failure after its occurrence, are inadequate. In recent decades, it is preferable to apply preventive compared to corrective systems (prevent hazards rather than correcting them) across the entire water supply network from the water source to the final point of consumption [6] . Several tools have been developed to identify and prioritize the potential hazards that may arise throughout the drinking water abstraction, treatment and distribution system [7] . HACCP and WSPs are two of the most popular, effective and commonly used tools for the management of drinking water quality and safety [8] [9] [10] .
In the early 1990s, HACCP application in water utilities was initially investigated [10, 11] while at the end of the same decade the development of WSPs has been introduced [12, 13] . Since then, HACCP and WSPs have been adopted by many water utilities around the world either because they are a legal requirement, or they are considered as a reliable system for assisting the production of safe drinking water [14] [15] [16] [17] [18] [19] [20] .
It is found that these systems have a satisfactory application for the risk assessment in water utilities [21] [22] [23] . Furthermore, several researches were referred to the effectiveness, benefits and difficulties of implementing HACCP and WSPs in water utilities of developing and developed countries [13, 19, 22] . This paper tries to evaluate the theoretical effectiveness of the two risk assessment strategies with an extensive reporting and evaluation of the different numerical data. These numerical data are derived from the observation of important physicochemical and microbiological parameters as well as the conduct of clinical studies related to the possibility of diarrheic diseases arising from the consumption of inappropriate drinking water. Also, it is considered necessary to further investigate the effectiveness of implementing WSPs and HACCP under different environmental conditions, different initial water quality, water sources, treatment process, storage conditions and distribution networks, etc. [24] . In addition, it is believed that it would be advisable to conduct research to investigate the effectiveness of implementing HACCP and WSPs in low-capacity water supply companies [13] as well as in entire national supply water networks [25] . Therefore, the aim of this paper is: (a) the critical evaluation of WSPs and HACCP in European water utilities; (b) the summary of benefits and difficulties of WSPs and HACCP implementation; and (c) the identification of the critical success factors for their effective implementation.
HACCP Implementation in European Countries
HACCP is a systematic and scientifically documented system, which has been designed to identify potential hazards in production processes resulting in an unsafe final product. Furthermore, it determines preventive and corrective actions to reduce these hazards to a safe level. In essence, HACCP constitutes an effective tool for both food industries and health authorities to prevent foodborne diseases. HACCP is not a system that validates the safety of food and beverages. Instead, it is a precautionary food management system that prevents hazards through the identification of critical control points and their ongoing monitoring. This system is applied to identify the biological, chemical and physical hazards that could cause potential negative consequences to consumers' health. The main feature of HACCP is that it can be applied in any food and beverage production line and it can be adapted to the particular production conditions of any product [26] . Therefore, HACCP is considered as one of the most useful risk assessment tools, which are specifically designed for the evaluation of hazards in water utilities. Bryan (1993) [11] and Havelaar (1994) [10] were the first scientists that implemented HACCP to water utilities. Bryan (1993) [11] presented the development of HACCP as a way to improve drinking water treatment processes in order to reduce the possibility of causing water-borne diseases. Furthermore, the necessity of maintaining and repairing the distribution network was emphasized in order to avoid contamination of drinking water. On the other hand, Havelaar (1994) [10] focused on the implementation of HACCP in order to avoid microbiological contamination in drinking water treatment lines. In relation to Bryan (1993) [11] , a general HACCP system was designed and developed that included the water source, the water treatment and the distribution network. For each stage, a list of possible risks and preventive actions was listed, as well as critical control points, monitoring systems and corrective actions were determined.
From the primary applications of HACCP, it was found that the most important point for the success of this system was the effective definition of critical control points. Unlike most food and beverage industries have usually designated one or two critical control points to prevent the growth of micro-organisms, water utilities may need to identify more critical control points due to the diversity of water source, treatment and distribution network. Since then, several water utilities have implemented HACCP to ensure the safety of drinking water [20] . In particular, Switzerland [27] , Germany [17] , Ireland [28] , France [23] and Iceland [21] are European countries where HACCP is applied to a greater or lesser extent in their water supply companies.
The application of HACCP principles to food and beverage companies including water utilities is mentioned in Article 11 of the Swiss Hygiene Regulation. To be able to comply with this requirement, the publication of a regulatory guideline (W1002) entitled "Recommendations for a simple system of quality assurance for water suppliers" was deemed necessary for the water utilities [29] . The main causes of potential risks to Switzerland water utilities can be summarized in staff shortages, inappropriate materials (chemical additives, equipment's construction material, etc.) coming in contact with drinking water, processing equipment and the implementation of incorrect procedures related to the management of the distribution network [27] . However, the consistent HACCP application resulted in the reduction of potential hazards in a short time period which has resulted in improved drinking water quality and safety. In addition, internal audits revealed the increase in employee awareness of compliance with the guidelines and the content of the quality assurance system.
In 1995, Iceland became one of the first countries to legislate the use of systematic preventive management to secure safety of drinking water. Thus, the following year, Samorka (Association of Icelandic Water Companies) issued guidelines for the application of HACCP to water utilities [30] . In May 1997, HACCP principle was applied to several water companies in Reykjavik. Subsequently, between 1997 and 2009, HACCP was implemented in 31 water utilities in Iceland serving over 80% of the population. Generally speaking, HACCP development and implementation by Icelandic water utilities has been beneficial [21] . On the one hand, the awareness of the importance of protecting water resources has been raised and on the other hand many corrective actions and improvements have been implemented to produce safe drinking water. Furthermore, the application of HACCP improved compliance with regulated drinking water quality standards in the town of Reykjavik and Akureyri. Specifically, the mean compliance value for bacterial count for 22°C in Reykjavik city improved from 94% (during 1991-1997) to 99% (during 1998-2006) while a similar increase was observed in town Akureyri city from 88% (during 1992-1999) to 99% (during 2000-2004) [13] .
Some of the benefits of the application of HACCP in European water utilities include the thorough assessment and identification of hazards, the optimization of monitoring systems, the improvement of drinking water quality, the better understanding of risk management, the improvement of employee awareness and the compliance with legislation (Table 1) [13, 28, 31] . On the other hand, several factors have been observed that may jeopardize the successful implementation of HACCP. The high degree of heterogeneity of potential risks, the large extent of the distribution network, the lack of external audit, the limited staff experience and incorrect management procedures consist some of the limiting factors of the effective application of HACCP (Table 1) [13, 27, 32] . 
WSPs Implementation in European Countries
WSPs, as described by the World Health Organization [33] and advocated in the Bonn Charter (IWA, 2004) , are presented as the most effective way to ensure the safety of drinking water. WSPs are unique and are part of the "Framework for Safe Drinking Water" and therefore are guided by healthbased targets and overseen through drinking-water supply surveillance [6] . WSPs consist a systematic approach to the management of drinking water safety that encompass all steps in the water supply from catchment to consumer by applying a multi-barrier methodology [9, 33] . The main goal of WSPs is to protect the consumer health, which can be achieved by the effective implementation of the three basic components of WSPs. These components are the system assessment, the operational monitoring and management-communication plans [6] . Its difference compared with other drinking water safety management methodologies lies in the fact that it mainly focuses on preventing the occurrence of hazards rather than just suppress them and reduce their undesirable consequences [8] . Although, the basic principles for developing and implementing a WSP are the same in all countries, there is no rigorous methodology that dictates a specific way of developing it. Therefore, WSPs can be applied to a wide range of water utilities regardless of their location, degree of complexity and production capacity [34] . The first countries involved in the implementation of WSPs were Iceland in 1997 [13] and Australia in 1999 [12] . Since then, WSPs are being implemented in water utilities in both developed and developing countries [9, 13, 16, 18, 19, 25] . Up to now, over thirty five countries worldwide have multiple drinking water systems that are proven to implement WSPs at a voluntary or mandatory level as well as equivalent risk management systems under other names [35] . Among them, several water utilities of Austria, Belgium, France, Germany, Hungary, Iceland, Lithuania, Netherlands, Portugal, Spain, Switzerland and United Kingdom implement some form of WSPs or equivalent systems in order to ensure the safety of drinking water [15, 18] .
In 2003 WSP methodology was implemented by the first Portuguese water utility [36] . Since then, extensive scientific research has been carried out in order to adopt the practices of WSPs by water utilities in Portugal. In this direction, manuals for the implementation of WSPs have been published and training programs have been developed. The successful implementation of WSPs in individual Portuguese water utilities has shown that they can be implemented at a more systematic and organized scale at national level. The absence of legislation and the need to establish appropriate monitoring systems constitutes crucial importance for the wide application of WSPs in Portuguese water utilities [36] In the Scandinavian countries, groundwater is used to provide drinking water in small and medium-sized cities while larger cities are supplied with water by surface water treatment plants. In Iceland and Denmark drinking water is produced either exclusively or overwhelmingly from groundwater. Groundwater quality and safety may vary according to the geology of each area, but groundwater is generally classified as of high quality and usually meets the requirements of drinking water legislation [37] . However, several cases of health problems have been observed in Scandinavian consumers consuming drinking water from groundwater sources [38] . This is due to the fact that the assessment of the risks that can occur in groundwater is not complete.
All Scandinavian countries follow the Directive 98/83/EC [39] but at the same time they have national legislation aiming to protect the quality of surface and groundwater in each country. Additionally, most of them implement WSPs or similar approaches to pumping, treatment and distribution of drinking water. A typical example is Iceland, which is one of the countries that has legislated the mandatory application of WSPs to water utilities. The adoption of WSPs principles significantly affected the number of non-compliances, the total population of the heterotrophic microflora and the number of diarrheal incidents. In particular, the mean annual non-compliance with the Icelandic Drinking Water Regulation requirements declined approximately 80% after the WSP implementation. Furthermore, a significant decline in median HPC bacteria following WSP implementation was found overall, at the source and in the distribution system. In addition, the importance of WSPs implementation is also derived from the analysis of diarrheal incidents recorded by seven Primary Health Care Centers in Iceland before and after the implementation of the Water Safety Plans. The WSPs application has led to an overall significant reduction of diarrheal incidence [40] .
The main benefits of WSPs implementation include the better analysis of observed deviations, the improvement of drinking water quality, the increase in compliance with regulation, the improvement of employees' performance, the better monitoring in water source, the effective risk assessment and the decrease in customer complaints (Table 2) [19, 36, [40] [41] [42] . On the other hand, the successful implementation of WSPs in water utilities can be limited by a number of factors, such as the absence of legislation, the inappropriate monitoring system, the limited staff experience, the difficulty in assessing all potential hazards and the lack of supporting activities (Table 2) [36, 40, 42] . 
Conclusions
The development and implementation of HACCP and WSPs have innumerable benefits and several difficulties. Many of them are common in both drinking water safety management systems while others are unique for each system. The major benefit of HACCP and WSPs implementation is that they contribute to improving the drinking water safety and quality. Other remarkable benefits are the reduction of potential hazards, the prevention of hazardous incidents, the identification of unknown risks, the better response to failure and emergencies situations, the effective risk assessment and the better understanding on risk management.
Furthermore, the employee awareness, the consumer confidence, the compliance with regulation, the reliability and the production efficiency were increased while the diarrheal incidents and consumers complaints were decreased by either HACCP of WSPs implementation. In addition, the successful implementation of these systems has led to establishment of monitoring and recording systems as well as to the application of most appropriate preventive and corrective actions.
On the other hand, the main difficulties of their implementation are the incorrect management procedures, the limited staff experience, the lack of infrastructure, the heterogeneity of potential risks, the large extent of distribution network, the inability to find financial resources and the absence of legislation.
The critical success factor for HACCP and WSPs implementation are quite difficult to determine because there is a great diversity in the ability of development of both drinking water safety management systems in water utilities between different counties and between regions in the same country. Several factors can contribute to these application non-uniformities such as the production capacity, the employees' skills and experience, the corporate culture, the kind of water supply (groundwater, surface water and seawater), the distribution system, the legislation, etc.
Moreover, any implementation difficulty if it is properly addressed and resolved, it can turn to a success factor. For example, the lack of financial resources or the untrained staff are two important limitations in the successful development of HACCP and WSPs. Of course, the finding of financial resources and the training of employees can transmute these difficulties to critical success factors.
In addition, as additional critical factors of successful HACCP and WSPs implementation could be referred the involvement of all staff in system development, the support of senior management, the internal and external audits, the thorough risk assessment, the employees training and the implementation of prerequisite, operational prerequisite and supporting programs. Also, the legislation of the mandatory HACCP and WSPs implementation in water utilities could be considered as one of the main motivation for the successful application of both drinking water safety management systems.
